Abstract X-ray loud M dwarfs are a major source of by-product (contamination) in the X-ray band of the multiwavelength quasar survey (MWQS). As a by-product, the low dispersion spectra of 22 M dwarfs are obtained in which the spectra of 16 sources are taken for the first time. The spectral types and distance of the sample are given based on spectral indices CaH2, CaH3, and TiO5. The parameter ζ T iO/CaH is calculated to make the metallicity class separation among dwarfs, subdwarfs and extreme subdwarfs. We also discuss the distributions in the diagrams of Log(L x /L bol ) versus spectral type and infrared colors.
INTRODUCTION
Observations from X-ray satellites have showed that strong X-ray emission is a quasi-defining characteristics of Active Galactic Nuclei (AGNs), and X-ray selection from a deep X-ray survey might be the best census method to obtain a sample of AGNs with a high completeness level (He et al. (2001) ). The multiwavelength quasar survey(MWQS) aimed at obtaining a sample of ∼350 new AGNs brighter than B = 19.0, based on a simple yet effective X-ray, radio and optical inspection criteria (He et al. (2001) ; Chen et al. (2002 Chen et al. ( , 2007 ; Bai et al. (2007) ). In X-ray band survey, AGN candidates are selected from the ROSAT All-Sky Survey (RASS) sources by applying the criteria to exclude most stars and galaxy clusters ). However, M dwarfs are hard to be distinguished from AGN candidates if criteria in soft X-ray band alone are applied, thus constituting a potential contaminant to the AGN candidates in optical observations. By analyzing low dispersion spectral characteristics of AGNs and M dwarfs, these two kinds of sources can be differentiated. Thus the selected X-ray loud M dwarfs can be investigated in details.
M dwarf stars are the most numerous stars in our galactic neighborhood with masses between 0.1 and 0.5 M ⊙ , and they can be divided into two classes (dM and dMe) based on an optical criterion: dMe stars have H α in emission, while dM stars have H α in absorption. Due to the large quantity, longevity (with lifetime greater than the Hubble time), and spectral energy distribution (SED) sensitivity to metallicity (Lépine et al. (2007) ), M dwarfs are suitable as tracers of the chemical and dynamical evolution of the Galaxy (Laughlin et al. (1997) ). The optical and near infrared spectra of M dwarfs are dominated by molecular absorption bands of metal oxides and hydrides (Bessel (1991) ) and the ratio between the strength of them has been known as a metallicity diagnostic (Bessel (1982) ).Four spectroscopic indices (TiO5, CaH1, CaH2, CaH3) was defined by Reid et al. (1995) to make a separation of three metallicity subclasses, M dwarfs (dM) subdwarfs (sdM) and extreme subdwarfs (esdM) (Gizis et al. (1997) ).
Furthermore, the higher radial velocity and deeper transit/occultation as the consequence of the low stellar mass and small radius of M dwarf stars will facilitate the detection of small planets. M dwarfs might be suitable for hosting planets, as indicated by the common observed accretion disks around young dwarf stars (Liu et al. (2004) ; Lada et al. (2006) ).
In this paper, the initial result of a sample of 22 M dwarfs limited in X-ray flux is given in Section 2. In Section 3, the classification system for M dwarfs and subdwarfs is re-examined based on a combinations of four relationships defined in [CaH1, TiO5] , [CaH2, TiO5] , and [CaH3, TiO5] . The metallicity index ζ T iO/CaH is calculated to measurement the metal content in M dwarfs. A summary is given in Section 4.
OBSERVATION AND RESULT
The candidates are selected with criteria in X-ray band and observed by using 2.1m and 2.16m telescopes at KPNO (Kitt Peak National Observatory) and NAOC (National Astronomical Observatories, Chinese Academy of Sciences) (He et al. (2001) ; Chen et al. (2002 Chen et al. ( , 2007 ; Bai et al. (2007) ; Sun et al. (2011) ). The criteria adopted for the selection of candidates are consistent between two telescopes ). The spectral coverages are respectively about 4000-10000Å with resolution of 7Å and 4000-8000Å with resolution of 13Å. All the spectra are reduced with IRAF. The initial result is a subset of 22 M dwarfs, in which the spectra of 16 sources are taken for the first time. A cross identification has been made with the 2MASS (Two Micron All Sky Survey) All-Sky Catalog of Point Sources to get data in the band of near infrared. All of 2MASS sources lie within 7" to the optical position of our targets. Table 1 Notes: * : These six sources are contained in the catalog of Riaz et al. (2006) . 
DISCUSSION

Molecular Band Indices
The classification of M dwarfs is based on the the strength of the TiO and CaH molecular bands near 7000Å and three spectral indices CaH2, CaH3, and TiO5 are defined to measure the mean flux level of the molecular bands (Reid et al. (1995) ). In order to obtain the precise spectral indices, we test wavelengths of H α and find that the wavelengths of the spectra shift up to 30Å because of the long integral time of M dwarf from 1200 to 3600 seconds. The gravity effect and the change of temperature gradient may cause the displacement between CCD and spectrograph in such a long integral time. For each spectrum, the central wavelength of H α is measured carefully to calculate the shift of molecular band. The molecular band indices are displayed in Table 2 . There are discrepancies of molecular band indices between our samples and six M dwarfs in Riaz et al. (2006) , which may be caused by the difference of the spectral resolution. M dwarfs are by-product of the MWQS and low resolution spectra (7-13Å) are good enough to make AGN identifications.
The distribution of three spectral indices is shown in Fig. 2 . The TiO and CaH band strengths are tightly correlated in the left frame, which indicates that the stars have equivalent (solar) metallicities and probably belong to Population I (Lépine et al. (2007) ). The metallicity class separators (solid line) proposed by Burgasser & Kirkpatrick (2006) , show that all our stars belong to M dwarfs. The right frame in Fig. 2 represents the relation between CaH2 and CaH3. The Dashed line stands for the fitting of our sample with least square method (Eq. 1). The distribution suggests that CaH2 may be dependent on metallicity (Lépine et al. (2007) ).
We obtain the parameter ζ T iO/CaH introduced by Lépine et al. (2007) to make the metallicity class separation among dwarfs, subdwarfs and extreme subdwarfs, based on the relative strength of TiO to CaH. The parameter ζ T iO/CaH is defined as
where [T iO5] Z⊙ is given by Lépine et al. (2007) , as a function of the CaH2+CaH3 index. The parameters of our sample are lager than 0.83 and confirm that they belong to M dwarfs with near-solar metallicity. We have used the relation from Reid et al. (1995) (Eq. 3) to obtain spectral type with an uncertainty of ±0.5 subclasses. The spectral type of our sample ranges between K7 to M4.
Absolute Magnitudes
Riaz et al. (2006) have given an experiential relation (Eq. 4) between M J and TiO5 for 35 M dwarfs with TiO5≥0.4, and an rms scatter is of 0.8 mag. We used the relation to obtain M J , and derived the bolo-metric magnitudes from the absolute K magnitudes (Veeder (1974) ). The distance of our stars was estimated by the absolute magnitudes with the uncertainties on an order of ±37%. There are 14 stars, over half of the sample, which lie within 100 pc. It has to be pointed out that stars that lie in the region around TiO5∼4 have a high uncertainty in their absolute magnitudes and the derived distance (Riaz et al. (2006) ).
Luminosity
We have used the relation of the count rate to energy flux conversion (Schmitt et al. (1995) ) to obtain X-ray fluxes for our targets, except one star with unreliable hardness ratio. The X-ray luminosity was calculated with the X-ray flux and the distance. The strong X-ray luminosity of 20 targets with L x larger than 10 29 , and one with L x larger than 10 28.5 , suggests that they have strong coronal activity (Barrado et al. (1998) ).
The distribution between Log(L x /L bol ) and spectral type is shown in Fig. 3 . For a given spectral type, there is a large spread in L x , as shown in FIG. 5 of Riaz et al. (2006) . The rotational velocity differences can explain this dispersion in L x for low-mass stars (Stauffer et al. (1997) ). The distribution also suggests that samples with different distance locate in the different areas of the diagram. Our samples with distance exceeding 100pc incline to be stronger X-ray emitters and earlier type stars than ones within 100pc, but we need more samples to confirm the trend. The distribution of X-ray flux for dM and dMe stars is also tested but no break is found.
Colors of Infrared
M dwarfs can not be distinguished from AGN samples directly if criteria in soft X-ray band alone are applied, but with colors in infrared band there may be hints to differentiate the two kinds of sources. Fig. 4 shows the color-color diagram in infrared band for M dwarfs and AGN samples ). Colors of AGNs distribute widely in the diagram because of the complex hot dusty environment outside the accretion disks with a distance of a few parsecs to the central black holes. However, M dwarfs concentrate in smaller area in the color-color diagram, and this maybe indicate that the temperatures of their atmosphere cover a narrow range from ∼2100K to ∼3300K. Chen et al. (2007) suggested that most AGNs span a color range 1.0 < J −K < 2.0 and 0.5 < H − K < 1.2, while Riaz et al. (2006) selected M dwarfs with criteria 0.8 < J − K < 1.1, H − K > 0.15 and J − H < 0.75. Most of our targets are agreement with the criteria of Riaz et al. (2006) , but one M dwarf lies outside the range. Color indices for our sample are in ranges of about 0.76 < J − K < 0.96, H − K > 0.14, and J − H < 0.56. The colors of infrared may be effective to distinguish M dwarfs from AGNs.
SUMMARY
As a by-product in MWQS, we have obtained the spectra of 22 X-ray flux limited M dwarf stars. The spectral types are calculated with molecular band indices based on a calibration of the TiO to CaH band strength ratio, ranged from K7 to M4. Over half of them lie within 100pc of the Sun. The distribution between Log(L x /L bol ) and spectral type suggests that M dwarfs with different distant may locate in different areas of the diagram and the large spread in X-ray luminosities for a given spectral type re- flects the range in the rotational velocities of the stars. The colors of infrared could be criteria to separate AGNs from M dwarfs selected from soft X-ray data. For the future observation, we are going to enlarge the samples up to 100 and a further investigation on X-ray luminosity function may provide more information about coronal heating mechanisms and occurrence of flares. An observational campaign is on the schedule aimed at obtaining frequency spectrum of dM and dMe stars based on photometric observation to characterize M dwarfs variations, which will give us a chance to study the interior pulsation models of M dwarfs. Extrasolar planet candidates may be selected if we can get long term photometric observation and high resolution spectral observation. 
